This paper is based on the premise that people's behavioural competencies or characteristics of professional conduct influence the effectiveness and efficiency with which they perform a predetermined role in the software process. We propose a capabilities-oriented process model that includes traditional elements of the software process (activities, products, techniques, people and roles) and the original element of this paper (capabilities). With the aim of adding behavioural competencies to the process model, we define the capability-person and capability-role relationships involved in software development. Additionally, we propose two procedures that are based on each of these relationships: a procedure that can be used to determine the capabilities of the members of a development team; and a procedure that can be used to assign people to perform roles depending on their capabilities and the capabilities demanded by the roles. Finally, the person-capabilities-role relationship has been empirically validated. The results yielded by this experiment confirm the hypothesis that assigning people to roles according to their capabilities and the capabilities demanded by the role improves software development.
INTRODUCTION
As the ultimate objective of modelling the software process is to know, control and manage the process activities, organizational environments need to be considered. Particularly, the relationships between the modelled software processes and the organizational environments need to be analysed. People are the least formalized factor in today's software process models. However, their importance is evident: people behave non-deterministically and subjectively, having a decisive impact on the results of software production, which is a primarily intellectual and social activity [1] .
Failure to specify the people factor in the process represents the risk of developers performing activities that are beyond their capabilities. Existing process models do not formalize the skills organizational design and modelling: the Soft Systems Methodology [18] and Methodology to Define Weltanschauungen [19] . In the area of software process evaluation, there is now (a) the People-CMM [9] , focused on the human resource factor; (b) the Personal Software Process [20] , focused on individual performance; and (c) the Team Software Process [21] , which deals with software process improvement at the team level. In the area of software process modelling, however, the inclusion of human resources and the interaction in which they participate is not at all conceptualized or formalized [22] [23] [24] .
We have analysed the foremost models existing in the literature that define the person element of the process: Soft Systems Methodology [18] , Methodology to Define Weltanschauungen [19] , Systems Dynamics [25] , People-CMM [9] , SOCCA [22] , ALF [26] and the Unified Software Development Process [27] . The following criteria were used for the analysis: (a) process elements covered by the work analysed; (b) process environments; (c) the presence of a modelling procedure, that is, whether or not the model provides a set of stages for outputting the modelling components; (d) if such a procedure exists, whether the procedure proposed by each model covers all or only part of the elements and essential characteristics of the process; and (e) in how much detail the stages are defined. We do this to check whether the models studied contemplate and represent the three environments (organizational, cultural and technological) that are important for the management of both the activities and the members of a project team.
The analysed organization-oriented models are general and qualitative prescriptions, which focus on the study of agents and roles. The Soft Systems Methodology focuses on the social system of the organization, neglecting the technical development activities and aspects of the organizational processes. The Methodology to Define Weltanschauungen models the organizational roles and role and human agent capabilities, by means, however, of an informal representation. Both models only contemplate the organizational processes and do not cover the software processes. Additionally, although they provide a developed modelling procedure, this procedure is neither complete nor fully defined, as it does not address the integration of the organizational, cultural and technological environments and only considers the former two.
The software process models considered focus on examining the process agents, attaching less importance to other process elements like roles, for example, which are not formally defined, and human and role capabilities, which are not explicitly modelled. The main drawback of all these models is that they do not consider the cultural environment of the software process and its integration with the organizational and technological environments. The People-CMM is the only one that models the capabilities of the human resources belonging to the organization and their associated roles in the software process, but the capabilities of the agents are represented informally and no modelling procedure has been developed for their inclusion in the software process. The strength of the model proposed in this paper lies, as mentioned earlier, in its use of intrinsically subjective methods (Assessment Center Method) to deal with people, the most subjective part of the software process. The People-CMM, by contrast, tried to come up with simplistic, objective techniques that are not best suited to this problem. The Systems Dynamics-based model offers a quantitative and deterministic description of the organization's human resources from the viewpoint of the human resource recruitment, training, inclusion and transfer experience level and not as regards the logic of competencies of the human resources and roles. The models that account for people do not provide a defined set of stages or activities for performing the modelling process. Only SOCCA and the Unified Software Development Process provide a defined procedure as an aid for modelling, but they do not address all the model components, for example, the cultural characteristics of the people involved in the software process. These two models, along with ALF, do not consider role capabilities and the assignation of people to roles according to their capabilities. None of the models studied provides a fully defined and complete modelling procedure; the capability process element is not present or automated.
From this analysis, it follows that the reviewed models are lacking in
• a detailed definition of the capabilities of the people and of the roles and their interactions in the software process; • a well-defined, complete and detailed procedure to guide in integrating both the technical and human parts of the process in the model. Figure 1 shows the overview of the proposed solution. Firstly, we have defined a process model that we have called the Capabilities-Oriented Software Process Model. For a full description of this model, see [4] . The process model has been formalized in UML and implemented as a tool that is available at http://www.ls.fi.upm.es/spt/. This tool is being used in two organizations in Argentina and one in Spain as an exploratory system for distributing roles in medium-sized software development projects. In this paper, however, we will focus on people and their capabilities. Secondly, we have formalized the capability-role and capability-person relationships (highlighted in grey in Figure 1 ). These formalizations are based on technical and conceptual tools used in the sciences of organizational behaviour and integrated management of human resources [5, 10] , which are founded on well-established principles of psychology and, particularly, labour psychology.
OVERVIEW OF THE PROPOSED SOLUTION
Finally, the capability-person relationship is involved in the Evaluation of People's Capabilities Procedure and the capability-role relationship in the Assignation of People to Roles Procedure ( Figure 1 ). Therefore, for each proposed subprocess, a procedure is defined to assist in building models of the people involved in the software processes and the assignation of roles in software projects.
In the following, we will define the capability-person and the capability-role relationships and, finally, we will describe the evaluation of people's capabilities and the assignation of people to roles procedures.
CAPABILITIES FOR THE SOFTWARE PROCESS
The role, person and capability elements of software process are defined as follows.
• Role defines a set of responsibilities and capabilities needed to perform the activities of each subprocess. For each role, a profile is developed, that is, its required capabilities are determined.
• Person defines the human actors who have the necessary capabilities to perform a given role.
A profile is developed for each person involved in the software process.
• Capability defines the skill or attribute of the personal behaviour of a person that can be considered as a behavioural characteristic and according to which activity-oriented behaviour can be logically and reliably classed. This element is an original contribution of this research and is key to the definition of the above-mentioned procedures.
D ocum entation and T raining P rocesses We have studied and analysed the lists of capabilities or behavioural competencies of people that are used to select job candidates [5, 28] , validated within the framework of the Assessment Center Method [10] . The use of this method brings with it a series of benefits that have been repeatedly observed by researchers [28] , such as (a) better predictions of the behaviour of the person in real job performance; (b) participation of managers in the evaluation process; (c) lower level of inference by the evaluator; and (d) more powerful identification of weaknesses in specific behaviour-operative skills, which makes it possible to design specific training processes. This method, which takes a functionalist, behavioural and situational approach, is a consolidated line within labour psychology. Since it appeared in the early 1970s, this method has been used routinely for people management in other fields of Participate actively in achieving a common goal, even when cooperation leads to a goal that is not directly related to one's own interests. Table I . Continued.
Capability Description
Co-worker evaluation Be skilful and discerning with regard to the evaluation of the professional aspects of co-worker performance, using the interview, performance assessment, potential development techniques, etc., satisfactorily.
Group leadership
Guide and direct a team and establish and maintain the team spirit needed to achieve the team's objectives.
Planning and organization
Effectively determine goals and priorities, stipulating the actions, deadlines and resources required to achieve them.
production and organization. The better management of human competencies is now becoming a source of improvement of industrial performance for many companies, be they goods production, service or administrative organizations [29] . We select and adapt the capabilities pertinent to software development. We consider 20 general capabilities to be critical in software development. To establish this list of capabilities, we have considered the desired job performance results for individual situations, one-to-one interpersonal situations and group interpersonal situations. Beforehand, we held structured interviews with managers and practitioners who actually do the job to establish these capabilities. We then held nine meetings with experts on each set of subprocesses of the proposed process ( Figure 1 ) and the labour psychologist Marta Aparicio from the School of Psychology at Madrid's Complutense University to refine and validate the defined list of capabilities. These capabilities cover both functional theoretical elements and cognitive elements. These capabilities are general behavioural competencies, which refer exclusively to a person's general behavioural characteristics or skills used during a software development project. The definitions of the capabilities are shown in Table I . We have divided these capabilities into four categories: intrapersonal skills, organizational skills, interpersonal skills and management skills. This classification is based on the levels of skills acquisition during staff development. The definitions of the four categories and their associated capabilities are shown in Table II . The capabilities shown in Table II characterize the capability-person relationship. The definition of this relationship is used in the Evaluation of People's Capabilities Procedure, which involves determining the capabilities of a person to then assign a role to this person in the process. The Capabilities Evaluation Process is closely related to the Assignation of People to Roles Process, basically through the capabilities element. Capabilities are the integrating element between the profile of each person and the profile of each role. It is impossible to predict how people will behave and assign them to a role with any chance of success, even if their capabilities are known, unless the behavioural competencies demanded by the role are known. Consequently, we have defined the capability-role relationship, and software project managers are given a procedure, which eases the task of assigning people to roles to create the project team structure.
Therefore, capabilities are used in both the Evaluation of People's Capabilities Procedure and the Assignation of People to Roles Procedure and are determined for each person involved in software development. Also, they are assigned to each of the roles of the proposed process model. Table II 
CAPABILITY-PERSON RELATIONSHIP
To determine what personality or behavioural factors indicative of personality are associated with the people involved in the software development process, we propose a table of correspondence (Table III) between each one of the 20 capabilities of Table II and the personality factors of a psychometric test.
In particular, we use the projective 16 PF-5 personality test, described by Russell and Karol [30] . This test has been selected as it is one of the most commonly used instruments today and because it is adapted and correlated with given personality tests for psychologists. The 16 PF-5 test measures 16 primary personality traits identified by Cattell et al. [31] , such as warmth, reasoning ability and emotional stability, among others, which describe primary human behaviours, and five global personality dimensions, like extroversion, anxiety, tough-mindedness, independence and self-control. Each of these factors has a low pole (represented by the sign '−') and a high pole (represented by the sign '+'). For example, emotional stability− describes a reactive and emotionally insecure person and emotionally stability+, an emotionally stable, adapted and mature person. This psychometric test can be used to determine behaviours indicative of the capabilities of a person by means of factorial analysis of the set of global personality descriptors.
We have built the table of correspondence (Table III) between the personality factors of the 16 PF-5 test and people's capabilities in order to evaluate personality structure by means of suitably validated and correlated factors. Additionally, Table III provides the project leader, who conducts this evaluation together with the labour psychologist before assigning people to roles, with a friendly interface with the evaluation of people's capabilities procedure through the four categories of capabilities defined in this paper. For the Analysis column, for example, the person's behaviour should be indicative of Reasoning+, that is, the person should be a good thinker, be sharp and a quick learner, and of Abstraction−, that is, a practical-minded, realistic person with his or her feet firmly on the ground. Having identified the primary traits and global dimensions of the individual's personality by means of the 16 PF-5 test, this table of correspondence is used in the Evaluation of People's Capabilities Procedure to integrate these factors and determine the capabilities pertinent to software development, as described in Section 7.
Two tasks were performed to define this correspondence: (a) a two-way analysis of the personality requirements of each capability, as well as the behavioural aspects of each personality factor; and (b) an assessment with the participation of labour psychologists from the Complutense University of Madrid and TEA, Spain.
CAPABILITY-ROLE RELATIONSHIP
We propose to assign capabilities to roles as shown in Table IV . For each role of the software process we have defined the capabilities required to successfully achieve the associated activities. The proposed capabilities are compulsory for each role. Nevertheless, the person could have other desirable capabilities. Each of these capabilities is weighted at two levels: high (H) and medium (M). The weighting indicates that a high or medium level of the capability is required.
This table was built by analysing the behavioural competencies required to effectively perform each role. For this purpose, we carried out a process of reflection that involved many tasks of analysis: (a) analysis of the activities performed by each role; (b) analysis of the critical situations for successful performance of each role, classified according to the four categories of capabilities described above, thus considering individual, organizational, group or management situations; and (c) analysis of the 20 proposed behavioural competencies, determining the competencies that are required to achieve a positive result in each of the critical situations. We should bear in mind, at all times, that these are critical situations where the desired outcome will not or is unlikely to be achieved unless they are properly resolved. Note, also, that required behavioural competencies refer to capabilities that are absolutely essential (and not merely desirable or just important). These are behavioural competencies that the person who performs the role must have. A person without these capabilities will be unable to entirely and satisfactorily deal with the critical situation, and the objective of the respective subprocess will not be achieved. The result was reflected in tables similar to Table IV for critical situation and role. Finally, the list of behavioural competencies was systematically and fully reviewed in participatory sessions, indicating which capabilities are necessary for successfully resolving each of the critical situations and the relevance or importance (high or medium) of each one. People performing the role under analysis, people performing roles that supply input products to this role and people consuming the products generated by the role in question were involved in these participatory sessions, alongside a labour psychologist who reviewed the capabilities agreed by the experts in software development. This led to the roles-capability table (Table IV) proposed in this paper. An example of the justification
Capabilities Demanded by Project Management Processes Roles
The roles involved in the Project Management Processes are: planner (Project Start-Up, Planning and Estimation Process), controller (Project Monitoring and Control Process), quality engineer (Software Quality Management Process) and role assigner (Assignation of People to Roles Process). These roles establish the project structure and assure the right level of project management throughout the whole software life cycle. Their activities involve start up, planning, resource estimation, monitoring, control, quality management and role specification.
To manage the software life cycle and estimate resources, the people who play these roles have to locate and coordinate important data and recognise significant information. Therefore, their analytical capability needs to be high. A person without the capability to analyse problems would find it difficult to find solutions to possible problems and to select a suitable project management structure. These are the people who really decide which path will be taken during the development of the software life cycle, which means that they should have a high decision-making capability. They have to make decisions quickly, be committed to and accept responsibility for their decisions. If they are not capable of making or accepting responsibility for their decisions, problems will arise because they will have to look for authorisation and for someone to take the responsibility. This will slow down the project, and they will require constant support for their decisions.
The level of independence of this group of workers has to be high enough for them to be able to do their job without having to ask for authorisation, although their teamwork possibilities would be held back if they were too independent. The required level the capability of independence for this set of roles is medium. Additionally, these people should have the capability of self-organisation, because they should be able to organise themselves effectively to be able to coordinate and organise the project management and quality plan and other people's work. Stress tolerance should be sufficient to assure that they do not succumb to regular adversities and opposition. A high level is required for the Project Start-Up, Planning and Estimation Processes and Project Monitoring and Control Processes, because it is key factor in the type of work the planner and controller perform, respectively. The innovation or creativity capability required of the four Project Management Processes roles has to be sufficient for them to be able to find satisfactory solutions to any incidents, but their work is not characterised by a high level of innovation, as their job will mostly involve coordination and planning, the development of new creative projects being left to other roles. The process engineer involved in the Organisational Processes will generally propose these projects. The controller should have the capability to foresee and suitably manage risks, estimating their impact to prevent a project development breakdown. Therefore, high risk management and judgement capabilities are required for this profile, as they are for the planner with respect to resource estimation for the software project. These estimates should be based on realistic judgements. Additionally, the capability of negotiating the possible solutions to either each identified and defined risk or for each particular reprogramming with the senior management and the work team members is also important for the roles of planner and controller. The planner, controller, quality engineer and role assigner should have medium levels of environmental orientation, because they need to be sensitive to the different aspects that influence work. As these roles are responsible for project and people administration, they have to be able to grasp possible or necessary developments in their activity that improve project management and implementation. As they develop and manage a project requested by a customer, these roles also need to be sensitive to and adapt to the needs raised by customers and the members of the team, although their job does not directly depend on this capability. Therefore, they require only a medium level of empathy. Even if only one person embodies project management, this individual needs to have a high teamwork capability, as it is this person who has to bring the project to the people who will effectively develop it. Therefore, all four roles have to be capable of actively participating in the achievement of a common goal and be capable of adapting to other people's proposals to assure that the project goes ahead. As these roles are responsible for planning and management and have also to be capable of specifying the people who will perform a given role and control the activities to be carried out by each role in the other subprocesses, they need to be capable of evaluating the performance level of their co-workers, although co-worker evaluation is not actually their job. Additionally, their leadership capability needs to be high, because the people who perform these roles have to direct their co-workers towards the achievement of the objectives set out in the project. Defective leadership can impede the achievement of objectives and increase the planned execution times, because the planned and organised actions are carried out without the right direction. Establishing order and assuring that the project goes ahead are the very grounds of success for these processes. Therefore, the capability of planning and organisation is essential for the four Project Management Processes. of the capabilities or skills that are required to perform the roles involved in the Project Management Processes is detailed in Figure 2 . The justification of the capabilities that are required to properly perform all the other roles considered is detailed in [4] .
DETERMINING PEOPLE'S CAPABILITIES
The Evaluation of People's Capabilities Procedure focuses on how to determine the capabilities of the people involved in software processes. The stages and products are shown in Figure 3 . Identification of Personality Factors develops the Personality Factors Model, which contains the list of behaviours indicative of the personality of each member involved in the process, obtained by means of the 16 PF-5 test. This model will be used as the input for the following stage, Determination of People's Capabilities, where the personality factors are organized and structured in the Preliminary People Model, which will contain the capabilities and behavioural competencies of the people under consideration. The table of correspondence described in Section 5 is used for these structuring purposes. Finally, the People Model is the input for Validation of the People Model, where the capabilities of the person are verified by means of a focused interview. This structured interview is a projective test involving a series of questions designed to provoke flashbacks. The goal of the interview is to precisely and thoroughly test the capabilities of the person to later assign or reassign the person to a given role.
So, the output of the Evaluation of People's Capabilities Procedure is formed mainly by two models (Figure 3 ): the Personality Factor Model and the People Model. The Personality Factor Model provides a graphic profile of the 16 primary personality factors and the five global dimensions of the 16 PF-5 test. The questionnaire of this test has been processed using special-purpose software (TEA System 2000), which can be used to correct and later analyse the responses given by each person evaluated. Additionally, this document includes an analytical assessment report for each test factor separately, along with possible strengths and weaknesses of the most representative factors of each person. The People Model coherently integrates the above analytical assessments and presents people's capabilities, alongside the demand level determined by means of the table of correspondence. Additionally, this document involves a synthetic assessment of the personality characteristics and skills of the person. Finally, the Validated People Model is equivalent to the People Model, except that it includes a report on the validation carried out.
It should be explained that this procedure is not performed for each project. The idea is as follows: (a) the organization should have a database containing personnel capabilities; (b) this database should be reviewed every two years to check for individual personality variations; and (c) this information should be used by project managers when they need to assign people to roles.
ASSIGNING PEOPLE TO ROLES
The Assignation of People to Roles Procedure can be used to assign people to perform roles, that is, to perform activities, according to the capabilities of the people and the demands of the role. To achieve its objective, this procedure involves a profile structuring process, composed of four 
B. Capabilities or behavioural competencies
No. (Table III) ..
Focused Interview
Processes (Table IV) are used in this activity. On the basis of these two inputs, we calculate the matches per person and role, that is, for each role, we establish the proportion between the number of individual 
ACTIVITY 2
Subprocess/Role/People personality factors that coincide with the personality factors demanded by the role and the total number of factors demanded by the role. Thus, the output of this activity is the Person-Subprocess-Roles Match Table. This table is the input for the evaluate results activity, where we decide whether or not a person is assigned to a role, considering the following rules of assignation.
Note that the discipline of psychology deals with people, which means that we have to use probability rather than static percentages of coincidence (agreement). Accordingly, we aim to predict with the greatest possible probability the behaviour of a person faced with a given role and depending on the responses given by this person to the 16 PF-5 personality factor questionnaire.
If the match between the person and the role is greater or equal to 50%, then the person is assigned to the role for respective participation in the project. If there were a similar match with two roles, the person would be assigned to one of the two depending on a higher number of personality factors classified at the high level. If the match between the personal profile and the role profile is lower than 50% and greater or equal to 30%, the likelihood of a good match between the person and the role is much lower, which means that the only thing to do is to look for a role whose profile is better matched to that of the person. The person would then be assigned to the role in question but will also participate in training programmes to then be assigned to a role with a match greater or equal to 50%.
Otherwise, if the match is less than 30%, the person will be directly sent on training programmes and will then be assigned to the range between 30% and 50%, participate in the respective role and continue training until the person has a probability of over 50% of matching a software process role.
Apart from these rules of assignation and training, we have defined distribution rules. For example, in a particular project, where there is an absence of people with the better matches to the roles demanded by the project in question, the percentages of all the people considered are compared for the roles involved and the people with the highest percentage and better matched synthetic reports to the role profile are selected. Thus, we get the Subprocess-Role-People Table and the Subprocess-Role-PeopleStatus Table, where status can be participation or training.
It should be explained that the metric of considering a match greater than or equal to 50% or greater than or equal to 30% and less than 50% between the personal profile and the role profile has been determined and validated in this research by means of judges agreement, using the experts meeting technique and consultation of experts in the field of labour psychology and by means of empirical validations in developer organizations.
Both models are inputs to the Monitor and consolidate performance activity, where we assure that the effect of the role-person match is ongoing, assessing whether the personalized assignation has managed to improve current performance, reporting deviations and assuring that this effect does not decrease by applying tested techniques that support and sustain the assignation. The output is the historical performance report, which is appropriately documented in the File records activity and should be taken into account in new role assignations that are performed using this procedure.
PROPOSAL VALIDATION
We designed an experiment that focuses on the application of the Assignation of People to Roles Procedure to check the people-roles-capabilities relationship and assignation procedure. The main hypothesis to be tested by means of this experiment is that the distribution of roles according to people's capabilities and the capabilities demanded by the role influences software development effectiveness and efficiency. The experiment involves two paired samples, each one containing four software projects carried out by developers at a software developer organization in Argentina. These projects were developed according to the process model activities proposed in [4] . Table V shows the characteristics of the projects considered. The experimentation was run on the project startup, planning and estimation, requirements analysis, design and verification, and validation processes to get the system modelling. In four of the projects selected at random according to statistical principles, the people were assigned to roles according to the team manager's preferences, that is, by experience, which is how it is usually done in software development projects. In the other four projects, the people appointed to perform each of the above-mentioned processes were assigned to the roles of planner, requirements specifier, designer and validator according to the Assignation of People to Roles Procedure described in Section 8. The capabilities of the people involved in each project had previously been defined according to the Evaluation of People's Capabilities Procedure described in Section 7.
The response variables studied in this experiment and their measures by criterion in each project and team are as follows.
• Performance of the person in the role. A process of paired evaluation was carried out on the basis of absolute judgements [10] for the characteristics: leadership, motivation, creativity, initiative, responsibility and commitment for the roles of planner, requirements specifier, designer and validator. The technique of paired evaluation according to absolute judgements employs a questionnaire to assess these characteristics or personality traits quantitatively on a Likert-type scale. Each of these characteristics was scored 1, 2, 3, 4 or 5. • Development time. The quotient between the real and estimated time multiplied by 100 was calculated for each team and planning, requirements analysis, design and verification and validation process. Additionally, this same measure was calculated for all four processes as a whole. We should explain that all the projects were estimated by the same person who is experienced in software project estimation.
• Defects in formal inspections. The defects in the formal inspection of the software requirements specification were measured and the percentage of defects over the function points of each project and the percentage of defects over the number of requirements of each project were calculated.
As the projects are different, we use relative measures with respect to development time and defects for the purposes of comparison. As performance is evaluated between pairs from the same team, the measures of the performance characteristics are considered not to be biased by project type. Each person's role performance was actually measured and assessed by people from each team who were blind to the experimental conditions and hypothesis. The Wilcoxon rank sum test statistical technique [32] was used to analyse the data output, as the data source was independent samples that were not normally distributed.
After applying the proposed statistical test for the performance of the person in the role criterion, we got the results that are shown in Table VI , where m is the number of teams applying the treatment (roles assigned according to capabilities) and n is the number of teams without treatment (roles assigned casually). W is the value calculated for the Wilcoxon test used and p the probability of the null hypothesis (the performance of the teams without treatment is the same as the performance of teams where the Assignation of People to Roles Procedure was applied) being rejected when it is actually true. The significance level is 95%. The samples of different sizes are due to data considered to be lacking in some respect, as the samples were originally composed of four teams each. The symbol '*' that accompanies the W value indicates that there is evidence of statistically significant differences and the probability p is specified in these cases. For example, p = 0.014 means that null hypothesis (the performance of the teams without treatment is the same as the performance of teams where the Assignation of People to Roles Procedure was applied) is rejected with a confidence level greater than 95%, which is highly significant. The symbol '-' specifies that there is no evidence of statistically significant differences. From the results of the performance evaluation of all the roles and the personality traits considered according to the null hypothesis (the performance of the teams without treatment is the same as the performance of teams where the Assignation of People to Roles Procedure was applied), we find that the teams with treatment do manifest statistically significant performance differences in relation to the untreated teams considering the capabilities of leadership for the roles of planner, requirements specifier and designer. The performance evaluation for the trait of creativity is better for the roles of planner and requirements specifier. The evaluation of initiative is better for the roles of validator and designer. The match of people assigned according to the capabilities to the role of planner evidences more effective responsibility and commitment in relation to those assigned casually to the same role. The results for the development time criterion in each process and for all four processes together (project) are shown in Table VII . The null hypothesis established is that the deviations with respect to the estimated time for the processes are the same in the teams with treatment as in the teams without treatment. The same hypothesis is formulated for the merged processes. The results of Table VII are statistically significant. Accordingly, it can be said that the teams with treatment had a lower deviation in the project development time with respect to the estimated time than the teams without treatment in all four processes. The result with respect to the merged processes is similar.
As regards the defects in formal inspections of the software requirements specification criterion, where we considered number of errors/number of requirements by 100, we got w = 10 (m = 4, n = 4, p ≤ 0.014) and for the number of errors/adjusted function points by 100, we got w = 12 (m = 4, n = 4, p ≤ 0.050). Considering the null hypothesis that the errors of the groups with treatment have the same percentage of errors as the ones without treatment, our results mean that the groups with treatment can be said to have a lower percentage of errors than those without treatment.
Therefore, the formulated hypothesis that assigning people to roles according to their capabilities and the capabilities demanded by the role improves the software development process is accepted.
CONCLUSIONS
Our proposal is one of the very few approaches aiming to connect labour psychology and software production. People influence the results of software development and their capabilities should be included as a process model for assigning people to roles according to their capabilities and the capabilities demanded by the role.
In particular, our proposal provides:
• Formalized descriptions of the capabilities of both people and roles and their interactions in the software process.
• Two procedures with defined stages, detailed documents and guidelines for including cultural characteristics, that is, the capabilities of people involved in the software process, and the assignation of roles according to the capabilities of people and the capabilities demanded by each role defined in the process model. These procedures have been evaluated by experimentation.
On the basis of the results obtained in the experiment run, it can be said that the proposed Capabilities-Oriented Software Process Model amounts to an improvement in software process modelling. Particularly, the application of the Assignation of People to Roles Procedure can be used to improve development, providing defined guidelines for including the capabilities of the people involved in the software process, making it easier to manage human resources as regards role performance according to their capabilities, as they will effectively and efficiently perform the assigned activities. On the basis of the results of the experiment run, we found that both the deviation in the estimated time and the errors found in the formal inspection of the software requirements specification are lower when the people who perform the roles of planner, requirements specifier, designer and validator are assigned taking into account the set of critical capabilities that the person performing the role should have. Also, from the performance evaluation, the match between the person and the assigned role can be said to be satisfactory, especially for the planner role, and, additionally, the application of the Assignation of People to Roles Procedure improves team performance.
This procedure is especially useful in medium-and large-sized organizations where there is personnel enough to rotate between projects. The People Management Department of these organizations should, as mentioned above, have a database of their technical staff specifying their defined behavioural competencies, and, before assigning people to roles, each project manager should consult this database and apply the proposed Assignation of People to Roles Procedure to match people to roles. This database should be updated every two years according to role performance and participation in the respective training programmes. Even so, problems related to the cost of the associated training programmes, the availability (and willingness) of staff to undergo training, the flexibility of staff (to move from one role to another), how to address existing management/union agreements, and the difficulty in actually using this kind of methods due to individual and group cultural resistance can arise in these organizations.
In small organizations, all staff work on a project and projects are developed sequentially, which means that there is practically no assignation of people to roles for a project, because they all participate in all roles. Nevertheless, it is also useful to conduct a study using the procedures proposed in this paper to analyse the missing behavioural competencies in their teams, that is, what capabilities are not covered and, therefore, require either employee training or the engagement of new people selected purposely to cover these missing behavioural competencies.
These practical implications relate to the need to integrate the proposed Evaluation of People's Capabilities and the Assignation of People to Roles Procedures within the broader context of integrated people management systems. Note that a decision on role assignation takes many other parameters into account, like interpersonal problems between team members and that a person's weaknesses may be compensated for by a close colleague (complementary capability). These questions are now being researched. However, the early evaluations of the assignation of people to roles based on the capabilities approach have been satisfactory and the experiment has demonstrated that the assignation provided by our approach is better than what a team manager would have done with his/her people. Note also that this capability approach is complementary to other existing approaches with traditional strategies used for assigning people to roles, such as approaches focused on domain familiarity and knowledge and know-how. Knowledge is something that we acquire and store intellectually and comprises theoretical knowledge, knowledge on existing things and procedural knowledge. Know-how is related to personal experience and working conditions, and it includes formalized know-how (e.g. the application of working procedures) and empirical know-how (which consists of operational know-how that is hard to structure and to formalize). We are also working on integrating the capabilities model with the experience model to assign people to roles in the software process.
